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1. Preface

1.1. Scope of the Volume

This volume reviews experimentally determined solubil
data for well defined binary and multicomponent systems
which one component is nitroalkane~nitroethane,
1-nitropropane, 2-nitropropane, nitrobutanes!. Other compo-
nents for which data were found in the chemical literatu
include water, organic substances of various classes~hydro-
carbons of several structural types, halogenated hydro
bons, mono and polyhydroxy alcohols, acids, ethers, es!
and inorganic substances. An exhaustive search of the ch
cal literature published prior to 1998 found solubility data f
81 binary, 21 ternary, 2 quaternary, and 1 five compon
systems. From these, 144 Compilations were prepared. M
Compilations present the solubility data for one system
reported in one publication. For some original publicatio
which report very limited data for several systems, those d
are grouped into a single Compilation. Where two or mo
reliable Compilations were found for a system, a Critic
Evaluation was prepared. This was possible for only 14 s
tems, reflecting the sparseness of study of many nitroalk
systems. The systems are ordered on the basis of the ch
cal formula according to the Hill system~described in the
Introduction!, except for those Compilations where mo
than one system is treated.

To the extent allowed by the available data, this volu
considers mutual solubility and liquid–liquid equilibrium o
n

e

r-
rs

i-

nt
st
s
,
ta
e
l
s-
ne
mi-

e

binary and multicomponent systems. That is, data for b
the solubility of nitroalkane in other components and t
solubility of the components in nitroalkane are compiled a
evaluated when available. Other solubility data, which
compiled when available, include the distribution ofi com-
ponent between coexistent liquid phases of ternary syste
Numerical data reported in the primary sources were used
preparation of compilations. When data were presented o
in graphical form, the compilers attempted to obtain nume
cal data from the original investigators. In some cases wh
numerical data could not be obtained in this way, the co
pilers extracted the numerical data from published diagra

This volume is the result of an exhaustive search of
chemical literature using both Chemical Abstracts and R
sian Abstract Journal for Chemistry~Referativnyi Zhurnal
‘‘Khimiya’’ !. The goal of the search was to include all pu
lished data for systems designated in the title. Russian ar
val sources including Deposited Documents of VINITI, sc
entific works ~Nauchnye Trudy or Uchenye Zapiski! of
Universities, Research Institutes and Educational Inst
tions, and materials from conferences, meetings, and sym
sia are also included. Each critical evaluation includes
date at which the literature search closed for the sys
evaluated~usually 1998!. In spite of all efforts, some source
of experimental data may have been missed. The editors
gratefully receive information about omissions.

In some original sources solubility data is reported as
cidental or ancillary information to other studies. If, for th
or other reasons, details concerning experimental meth
source and purity of materials, or estimated errors are b
or absent, correspondingly short entries appear in the com
lations, sometimes with the note, ‘‘No further details we
reported.’’ Estimated errors were sometimes provided by
compiler with appropriate notation.

For convenience of comparison of experimental da
compilers and the evaluator of this volume, in so far as
possible, expressed all initial results in mass percent
mole fraction as well as in units reported in the origin
source. Conversions, where they were made, are clearly
tributed to the compiler. Some unit conversions require
merical data for the density of pure components and/or
mixtures. Approximate values of mixture densities obtain
using calculations recommended in standard handbooks
example Reid,et al.1 Definitions of mass percent and mo
fraction as well as their relation to other units of solubili
are given in the Introduction.

The solubility data, for the particular system in whic
UCST ~Upper Critical Solubility Temperature! appears,
could be described by the equation based on the scaling
with the corrections terms. This equation has been also
cussed in detail by Lorimer,et al.2 And it has the form as in
Wegner:3

x15xc11b1•Q1b2•Q12a1b3•Q12a1v

6a1•Qb6a2•Qb1v6a3•Qb12v ~1!

where
J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002
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Q5~Tc2T!/Tc . ~2!

The ai , bi are the adjustable parameters. According to
above literature, the equation factors are assumed to be

b50.329; a50.11; v50.5.

The equation is valid usually when (Tc2T)/Tc.1023,
which in the discussed systems is equivalent to the temp
ture range of about 0.3–0.4 K below the UCST. For t
systems discussed further in the evaluation tables the e
tion was used generally in the simplified version withoutb3

anda3 elements.
The general properties of ternary systems exhibit

liquid–liquid equilibrium and basic types of the solubilit
curves have been treated in detail.4 Ternary systems with
limited mutual solubility of components representing inter
for liquid extraction, have been classified by Treybal4 as fol-
lows:

Type I. Systems with one pair partially miscible liquids
Type II. Systems with two pairs of partially miscible liq

uids.
Type III. Systems with three pairs of partially miscib

liquids.
Type IV. Systems forming solid phases.

In this volume 6 systems, 29%, are Type I.
In the series of ternary systems nitroethane11-normal

alcohols1water C3 alcohols are Type I. Depending on tem
perature systems with C9–C12 alcohols can correspond t
Type I–IV. For example, the system nitroethane11-nonanol
1water at temperatures below 287 K has three pairs of
tially soluble liquids and falls into Type III. In the tempera
ture interval 287–443.5 K, where the two binary pa
nitroethane1water and 1-nonanol1water are partially
soluble, the ternary system is Type II. Above 443.5 K th
ternary system is Type I. Three fluid phases are present in
temperature interval 273–278 K.

1.2. Experimental Methods

Most solubility measurements of binary and multicomp
nent systems containing nitroalkanes have been made
tween room temperature and the UCST~upper critical solu-
tion temperature! of the binary system under study. A
atmospheric pressure temperatures studied range from 2
~Nitroethane11-Hexene! to 472 K ~Nitroethane11-
Dodecanol1Water!. Three basic approaches to solubili
measurement for binary and multicomponent systems
known: synthetic, titration and analytical. Of these the s
thetic ~visual-polythermal, or cloud-point! method is most
commonly used. Almost 76%~110! of the compilations in
this volume are for data obtained using the synthetic meth
In this method the temperature is determined at which
bidity associated with a second phase appears and/or d
pears for a mixture of known composition, often in a sea
ampoule. In some systems the ternary or multicompon
mixtures form three or four fluid phases. In these cases c
tinued heating determines first the temperature of dissolu
of the third fluid phase~solubility temperature of the thre
J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002
e

a-
e
a-

g

t

r-

he

-
e-

K

re
-

d.
r-
ap-
d
nt
n-
n

liquid phases!, and then at higher temperature dissolution
the second fluid phase~solubility temperature of the two liq-
uid phases!.

This method was introduced by Alekseev5 ~also transliter-
ated in some older German language publications as ‘‘Al
eev’’ or ‘‘Alexejew’’ ! in 1876. The method has been refine
and improved by Rothmund,6 and by Timmermans7 and is
capable of measuring solution temperature with an e
~60.01 K!. System pressure at the solution temperature
seldom reported since it is assumed that the effect of pres
is minor.

Two other methods are used for isothermal measurem
of solubility. In the titration method one component is add
in small portions with vigorous mixing to a solution of th
remaining components until persistent turbidity is observ
In the analytical method samples of liquid phases at equi
rium are analyzed by various methods: chemical or physi
Sources of error in these three methods include gravitatio
effects and impurities in materials whose solubilities are
ing determined. This has been discussed in detail.2 For ter-
nary mixtures of nitroalkane and organic substances, wate
a common impurity since it is difficult to remove complete
from most organic liquids and is reabsorbed on exposur
air. The presence of small quantities of water can eit
lower the temperature of solubility~e.g., in systems of ni-
troalkane and alcohols! or raise these temperatures~e.g., in
mixtures of nitroalkane and hydrocarbons!.8

1.3. Procedure Used in Critical Evaluations

A Critical Evaluation was prepared for each system
which two or more independent reports of solubility a
available. In evaluating the available data the evaluators h
considered both the data quality of individual origin
sources to the extent that can be established from the con
~and omissions! of those reports and by comparing the r
sults obtained independently in more than one laborat
Several aspects of the solubility data have been conside
purity of substances and date of experiment; accuracy of
method and reproducibility of the experiment; experience
the researcher~s! and previous publications.

In Critical Evaluations data may be classified asRecom-
mended, Tentative, or Rejected. Data are recommended if th
results of two or more independent groups are in good ag
ment and the evaluator has no doubt of the adequacy of
experimental and computational procedures used. Data
classified as tentative if only one set of measurement
available or if the evaluator considers some aspect of
experimental or computational procedures as mildly qu
tionable. Data determined by an inadequate or ill-defin
method are rejected. Where it is possible, Recommende
Tentative values of mutual solubility and liquid–liquid equ
librium, are specified at 0.1 MPa. Solubility data at seve
temperatures are described by an algebraic equation~1!.

The equation parameters are presented in Critical Eva
tions and were calculated by the least squares method so
the smoothing equation gives smaller standard deviati
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than any other tested equations. The solubilities calcula
by the proposed equation are presented in the figures
tables. Experimental solubility data from references are p
sented in figures for comparison.

Graphical representations of all reported data are o
useful for comparing data and identifying outliers and a
included in some Evaluations. These diagrams, represen
the solubility data and the compositions of coexisting liqu
phases at several temperatures~expressed in mole fraction!
can reveal whether or not a trend exists among the dat
addition to highlighting any discrepancies of experimen
solubility measurements.

The editors wish to acknowledge with thanks the help
Professor I. A. Dibrov~Russia! who provided copies of sev
eral of the articles reviewed in this volume and also Rec
of the Samarian Technical University Professor Yu. P.
marin for support and help for preparation of this volume

1.4. References for the Preface

1R. C. Reid, J. M. Prauznitz, and B. E. Poling,The Properties of Gases an
Liquids, 4th ed.~McGraw–Hill, New York, 1987!.

2D. Shaw, A. Skrzecz, J. W. Lorimer, and A. Maczynski,Alcohols with
Hydrocarbons, Vol. 56 of the Solubility Data Series~Oxford University
Press, Oxford, 1994!.

3F. Wegner, Phys. Rev. B5, 4529~1981!.
4R. E. Treybal,Liquid Extraction~McGraw–Hill, New York, 1963!.
5V. F. Alekseev, Zh. Fiz.-Khim. O-va8, 249 ~1876!.
6V. Rothmund, Z. Phys. Chem.26, 433 ~1898!.
7J. Timmermans, Z. Phys. Chem.58, 129 ~1907!.
8V. P. Sazonov, Zh. Obshch. Khim.42, 1884~1972!.

V. P. Sazonov
Samara, Russia
March, 2001

2. Introduction to the Solubility Data Series
Solubility of Liquids in Liquids

2.1. The Nature of the Project

The Solubility Data project~SDP! has as its aim a com
prehensive review of published data for solubilities of gas
liquids, and solids in liquids or solids. Data of suitable p
cision are compiled for each publication on data sheets
uniform format. The data for each system are evaluated
where data from independent sources agree sufficiently,
ommended values are proposed. The evaluation sheets
ommended values, and compiled data sheets are publi
on consecutive pages.

This series is concerned primarily with liquid–liquid sy
tems, but a limited number or related solid–liquid, fluid
fluid, and multicomponent~organic-water-salt! systems are
included where it is considered logical and appropriate. So
bilities at elevated and low temperatures and at eleva
pressures have also been included, as it is considered
propriate to establish artificial limits on the data presente
they are considered relevant or useful.

For some systems, the two components may be miscib
all proportions at certain temperatures and pressures. Da
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reported miscibility gaps and upper and lower critical so
tion temperatures are included where appropriate and w
available.

2.2. Compilations and Evaluations

The formats for the compilations and critical evaluatio
have been standardized for all volumes. A description
these formats follows.

2.2.1. Compilations

The format used for the compilations is, for the most pa
self-explanatory. A compilation sheet is divided into boxe
with detailed contents described below.

Components

Each component is listed according to IUPAC name, f
mula, and Chemical Abstracts~CA! Registry Number. The
Chemical Abstracts name is also included if this differs fro
the IUPAC name, as are trivial names if appropriate IUPA
and common names are cross-referenced to Chemical
stracts names in the System Index.

The formula is given either in terms of the IUPAC or Hil1

system and the choice of formula is governed by wha
usual for most current users: i.e., IUPAC for inorganic co
pounds, and Hill system for organic compounds. Com
nents are ordered on a given compilation sheet according

~a! saturating components;
~b! nonsaturating components in alphanumerical order
~c! solvents in alphanumerical order.
The saturating components are arranged in order acc

ing to the IUPAC 18-column periodic table with two add
tional rows:

Columns 1 and 2: H, alkali elements, ammonium, alkal
earth elements

Columns 3 to 12: transition elements
Columns 13 to 17: boron, carbon, nitrogen groups; ch

cogenides, halogens
Column 18: noble gases
Row 1: Ce to Lu
Row 2: Th to the end of the known elements, in order

atomic number.
Organic compounds within each Hill formula are order

in the following succession:
~a! by degree of unsaturation
~b! by order of increasing chain length in the parent h

drocarbon
~c! by order of increasing chain length of hydrocarb

branches
~d! numerically by position of unsaturation
~e! numerically by position by substitution
~f! alphabetically by IUPAC name.

Example:

C5H8 cyclopentane
2-methyl-1,3-butadiene
1,4-pentadiene
J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002
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66 SAZONOV, SHAW, AND MARSH
1-pentyne
C5H10 cyclopentane

3-methyl-l-butene
2-methyl-2-butene
1-pentene
2-pentene

C5H12 2,2-dimethylpropane
2-methylbutane
pentane

C5H12O 2,2-dimethyl-l-propanol
2-methyl-l-butanol
2-methyl-2-butanol
3-methyl-l-butanol
3-methyl-2-butanol
1-pentanol
2-pentanol
3-pentanol

C6H12O cyclohexanol
4-methyl-l-penten-3-ol
1-hexen-3-ol
4-hexen-3-ol

Deuterated~2H! compounds follow immediately the corre
sponding H compounds.

Original Measurements

References are abbreviated in the forms given by Che
cal Abstracts Service Source Index~CASSI!. Names origi-
nally in other than Roman alphabets are given as transl
ated by Chemical Abstracts. In the case of multiple entr
~for example, translations! an asterisk indicated the publica
tion used for compilation of the data.

Variables

Ranges of temperature, pressure, etc., are indicated h

Prepared by

The names of all compilers are given here.

Experimental Data

Components are described as~1!, ~2!, etc., as defined in
the ‘‘Components’’ box. Data are reported in the units us
in the original publication, with the exception that mode
names for units and quantities are used; e.g., mass pe
for weight percent; mol dm23 for molar; etc. In most cases
both mass and molar values are given. Usually, only one t
of value ~e.g., mass percent! is found in the original paper
and the compiler has added the other type of value~e.g.,
mole percent! from computer calculations based on 19
atomic weights.2 Temperatures are expressed ast/°C, t/°F or
T/K as in the original; if necessary, conversions toT/K are
made, sometimes in the compilations, and always in the c
cal evaluation. However, the author’s units are expressed
cording to IUPAC recommendations3 as far as possible.

Errors in calculations, fitting equations, etc., are noted,
where possible corrected. Material inserted by the comp
J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002
i-
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is identified by the word ‘‘compiler’’ or by the compiler’s
name in parentheses or in a footnote. In addition, compi
calculated values of mole or mass fractions are include
the original data do not use these units. If densities are
ported in the original paper, conversions from concentrati
to mole fractions are included, but otherwise this is done
the evaluation, with the values and sources of the dens
being quoted and referenced.

Details of smoothing equations~with limits! are included
if they are present in the original publication and if the te
perature or pressure ranges are wide enough to justify
procedure and if the compiler finds that the equations
consistent with the data.

The precision of the original data is preserved when
rived quantities are calculated, if necessary by the inclus
of one additional significant figure. In some cases gra
have been included, either to illustrate presented data m
clearly, or if this is the only information in the original. Fu
grids are not usually inserted as it is not intended that us
should read data from the graphs.

Method

The apparatus and procedure are mentioned briefly. Ab
viations used in Chemical Abstracts are often used here
save space, reference being made to sources of further d
if these are cited in the original paper.

Source and Purity of Materials

For each component, referred to as~1!, ~2!, etc., the fol-
lowing information~in this order and an abbreviated form! is
provided if available in the original paper: source and spe
fied method of preparation; properties; degree of purity.

Estimated Error

If estimated errors were omitted by the original autho
and if relevant information is available, the compilers ha
attempted to estimate errors~identified by ‘‘compiler’’ or the
compiler’s name in parentheses or in a footnote! from the
internal consistency of data and type of apparatus us
Methods used by the compilers for estimating and report
errors are based on Ku and Eisenhart.4

Comments and Õor Additional Data

Many compilations include this section which provid
short comments relevant to the general nature of the wor
additional experimental and thermodynamic data which
judged by the compiler to be of value to the reader.

References

The format for these follows the format for the Origin
Measurements box, except that final page numbers are o
ted. References~usually cited in the original paper! are given
where relevant to interpretation of the compiled data,
where cross-reference can be made to other compilation
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2.2.2. Evaluations

The evaluator’s task is to assess the reliability and qua
of the data, to estimate errors where necessary, and to
ommend ‘‘best’’ values. The evaluation takes the form o
summary in which all the data supplied by the compiler ha
been critically reviewed. There are only three boxes o
typical evaluation sheet, and these are described below.

Components

The format is the same as on the Compilation sheets.

Evaluator

The name and affiliation of the evaluator~s! and date up to
which the literature was checked.

Critical Evaluation

~a! Critical text. The evaluator checks that the compil
data are correct, assesses their reliability and quality, e
mates errors where necessary, and recommends nume
values based on all the published data~including theses, re-
ports and patents! for each given system. Thus, the evalua
reviews the merits or shortcomings of the various data. O
published data are considered. Documented rejection
some published data may occur at this stage, and the c
sponding compilations may be removed.

The solubility of comparatively few systems is know
with sufficient accuracy to enable a set of recommended
ues to be presented. Although many systems have been
ied by at least two workers, the range of temperature
often sufficiently different to make meaningful comparis
impossible.

Occasionally, it is not clear why two groups of worke
obtained very different but internally consistent sets of
sults at the same temperature, although both sets of re
were obtained by reliable methods. In such cases, as a
finitive assessment may not be possible. In some cases
or more sets of data have been classified as tentative
though the sets are mutually inconsistent.

~b! Fitting equations. If the use of a smoothing equation
justifiable the evaluator may provide an equation repres
ing the solubility as a function of the variables reported
all the compilation sheets, stating the limits within which
should be used.

~c! Graphical summary. In addition to~b! above, graphical
summaries are often given.

~d! Recommended values. Data are recommended if
results of at least two independent groups are available
they are in good agreement, and if the evaluator has no d
as to the adequacy and reliability of the applied experime
and computational procedures. Data are reported as tent
if only one set of measurements is available, or if the eva
ator considers some aspect of the computational or exp
mental method as mildly undesirable but estimated tha
should cause only minor errors. Data are considered
doubtful if the evaluator considers some aspect of the c
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putational or experimental method as undesirable but
considers the data to have some value where the orde
magnitude of the solubility is needed. Data determined by
inadequate method or under ill-defined conditions are
jected. However, references to these data are included in
evaluation together with a comment by the evaluator as
the reason for their rejection.

~e! References. All pertinent references are given here,
cluding all those publications appearing in the accompany
compilation sheets and those which, by virtue of their po
precision, have been rejected and not compiled.

~f! Units. While the original data may be reported in th
units used by the investigators, the final recommended va
are reported in SI units3 when the data can be converte
accurately.

2.3. Quantities and Units Used in Compilation and
Evaluation of Solubility Data

2.3.1. Mixtures, Solutions and Solubilities

A mixture5,6 describes a gaseous, liquid or solid phase c
taining more than one substance, where the substances a
treated in the same way.

A solution5,6 describes a liquid or solid phase containin
more than one substance, when for convenience one o
substances, which is called thesolvent, and may itself be a
mixture, is treated differently than the other substanc
which are calledsolutes. If the sum of the mole fraction of
the solutes is small compared to unity, the solution is cal
a dilute solution.

The solubility of a solute 1~solid, liquid or gas! is the
analytical composition of a saturated solution, expressed
terms of the proportion of the designated solute in a de
nated solvent.7

‘‘Saturated’’ implies equilibrium with respect to the pro
cesses of dissolution and demixing; the equilibrium may
stable or metastable. The solubility of a substance in m
stable equilibrium is usually greater than that of the sa
substance in stable equilibrium.~Strictly speaking, it is the
activity of the substance in metastable equilibrium that
greater.! Care must be taken to distinguish true metastabi
form supersaturation, where equilibrium does not exist.

Either point of view, mixture or solution, may be taken
describing solubility. The two points of view find their ex
pression in the reference states used for definition of ac
ties, activity coefficients and osmotic coefficients. Note th
the composition of a saturated mixture~or solution! can be
described in terms of any suitable set of thermodynam
components.

2.3.2. Physicochemical Quantities and Units

Solubilities of solids have been the subject of research
a long time, and have been expressed in a great many w
as described below. In each case, specification of the t
perature and either partial or total pressure of the satura
gaseous component is necessary. The nomenclature and
J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002
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88 SAZONOV, SHAW, AND MARSH
follow, where possible, IUPAC Green Book.3 A few quanti-
ties follow the ISO standards8 or the German standard;9 see a
review by Cvitas10 for details.

A note on nomenclature

The nomenclature of the IUPACGreen Book3 calls the
solute component B and the solvent component A. In co
pilations and evaluations, the first-named component~com-
ponent 1! is the solute, and the second~component 2 for a
two-component system! is the solvent. The reader shou
bear these distinctions in nomenclature in mind when co
paring equations given here with those in theGreen Book.

1. Mole fraction of substance 1,x1 or x ~1! ~condensed
phases!, y1 ~gases!:

x15n1Y (
s51

c

ns ~1!

wherens is the amount of substance ofs, andc is the number
of distinct substances present~often the number of thermo
dynamic components in the system!. Mole percentof sub-
stance 1 is 100x1 .

2. Ionic mole fractionsof salt i, xi 1 ,xi 2 : For a mixture of
s binary saltsi, each of which ionizes completely intovs1

cations andvs2 anions, withvs5vs11vs2 and a mixture of
p nonelectrolytesj, of which some may be solvent compo
nents, a generalization of the definition in Ref. 11 gives

xi 15
v i1xi

11(
i 51

s

~v i21!xs

, xi 25
v i 2xi 1

v i 1
i 51...s

~2!

xj85
xj

11(
i 51

s

~v i21!xi

, j 5~s11!,...,p. ~3!

The sum of these mole fractions is unity, so that, withc5s
1p,

(
i 51

s

~xi 11xi 2!1 (
i 5s11

c

xi851. ~4!

General conversions to other units in multicomponent s
tems are complicated. For a three-component system
taining nonelectrolyte 1, electrolyte 2 and solvent 3,

x15
v21x18

v212~v221!x21
, x25

x21

v212~v221!x21
. ~5!

These relations are used in solubility equations for salts,
for tabulation of salt effects on solubilities of gases~see be-
low!.

3. Mass fractionof substance 1,w1 or w(1):

w15g1Y (
s51

c

gs ~6!
J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002
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wheregs is the mass of substances. Mass percentof sub-
stance 1 is 100w1 . The equivalent termsweight fraction,
weight percentandg(1)/100 g solutionare no longer used.

4. Molality of solute 1 in a solvent 2,m1 :

m15n1 /n2M2 ~7!

SI base units: mol kg21. Here,M2 is the molar mass of the
solvent.

5. Aquamolality, Solvomolalityof substance 1 in a mixed
solvent with components, 2, 3,12 m1

(3) :

m1
~3!5m1M̄ /M3 ~8!

SI base units: mol kg21. Here, the average molar mass of t
solvent is

M̄5x28M21~12x28!M3 ~9!

and x28 is the solvent mole fraction of component 2. Th
term is used most frequently in discussing comparative s
bilities in water~component 2! and heavy water~component
3! and in their mixtures.

6. Amount concentrationif solute 1 in a solution of vol-
umeV, c1 :

c15@ formula of solute#5n1 /V ~10!

SI base units: mol m23. The symbolc1 is preferred to@for-
mula of solute#, but both are used. The old termsmolarity,
molar andmoles per unit volumeare no longer used.

7. Mass concentrationof solute 1 in a solution of volume
V, SI r1: base units: kg m23.

r15g1 /V. ~11!

8. Mole ratio, r A,B ~dimensionless!10

r A,B5n1 /n2. ~12!

Mass ratio, symbolzA,B , may be defined analogously.10

Mole and mass fractions are appropriate to either the m
ture or the solution point of view. The other quantities a
appropriate to the solution point of view only. Conversio
between pairs of these quantities can be carried out using
equations given in Table 1 at the end of this Introductio
Other useful quantities will be defined in the prefaces
individual volumes or on specific data sheets.

9. Density, r:
r5g/V ~13!

SI base units: kg m23. Hereg is the total mass of the system
10. Relative density, d5r/r°: the ratio of the density of a

mixture at temperaturet, pressurep to the density of a ref-
erence substance at temperaturet8, pressurep8. For liquid
solutions, the reference substance is often water at 4 °C
bar. ~In some cases 1 atm is used instead of 1 bar.! The term
specific gravityis no longer used.

Thermodynamics of Solubility

Thermodynamic analysis of solubility phenomena p
vides a rational basis for the construction of functions
represent solubility data, and thus aids in evaluation,
sometimes enables thermodynamic quantities to be extrac
Both these aims are often difficult to achieve because o
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TABLE 1. Interconversions between quantities used as measures of solubilitiesc-component systems containingc-1 solutesi and single solventc ~r—density
of solution;Mi—molar masses ofi. For relations for two-component systems, set summations to 0.!
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lack of experimental or theoretical activity coefficient
Where thermodynamic quantities can be found, they are
evaluated critically, since this task would involve examin
tion of a large body of data that is not directly relevant
solubility. Where possible, procedures for evaluation
based on established thermodynamic methods. Specific
cedures used in a particular volume will be described in
Preface to this volume.
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4H. H. Ku, p. 73; C. Eisenhart, p. 69; in H. H. Ku, ed., Precision Measu
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5J. Regaudy and S. P. Klesney,Nomenclature of Organic Chemistry~IU-
PAC! ~The Blue Book! ~Pergamon, Oxford, 1979!.
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6V. Gold et al., eds.,Compendium of Chemical Technology~The Gold
Book! ~Blackwell Scientific Publications, Oxford, UK, 1987!.

7H. Freiser and G. H. Nancollas, eds.,Compendium of Analytical Nomen
clature ~The Orange Book! ~The Blackwell Scientific Publications, Ox
ford, UK, 1987!, Sect. 9.1.8.

8ISO Standards Handbook,Quantities and Units~International Standards
Organization, Geneva, 1993!.
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~Beuth Verlag, Berlin, 1984!.

10T. Cvitaŝ, Chem. Int.17, 123 ~1995!.
11R. A. Robinson and R. H. Stokes,Electroyte Solutions~Butterworths,

London, 1959!, 2nd ed.
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10. System Index

Page numbers preceded by E refer to evaluation text whereas those not preceded by E refer to compiled tab

Nitroethane1

Cyclohexane E17, 18-19
Cyclohexane1 2,2’-Iminobisethanol 90-91
Cyclohexane1 1,2-Ethanediol1 Methanol 98-99
Decanamide 44
Decane E44-E45, 45-46
Decanenitrile 43
Decanoic acid 43
1-Decanol E46-E47, 47-49
1-Decanol1 1,2-Ethanediol 83-84
1-Decanol1 Water 77-79
Dodecanamide 51
Dodecanenitrile 50
Dodecanoic acid 51
1-Dodecanol E52, 53-54
1-Dodecanol1 1,2-Ethanediol E84, 85-87
1-Dodecanol1 1,2-Ethanediol1 Nitromethane1 Water 100-101
1-Dodecanol1 1,2,3-Propanetriol 88-89
1-Dodecanol1 Water 79-81
N,N-Diphenyldecanamide 64
N,N-Diphenyldodecanamide 66
N,N-Diphenylhexadecanamide 68
N,N-Diphenyloctadecanamide 68
1,2-Ethanediol E14, 15
1,2-Ethanediol1 1-Nonanol 81-83
2,5-Furandione1 Hexane 89
16-Hentricontanone 69
Heptacosafluorotributanamine 50
Heptacosafluorotributanamine1 2,2,4-Trimethylpentane 97-98
14-Heptacosanone 67
Heptadecanoic acid 60
Heptane 33
Hexadecanamide 59
Hexadecanenitrile 58
Hexadecanoic acid 58
1-Hexadecanol 59
Hexane E27, 28-30
Hexane1 2-Methyl-1,3-butadiene 91
Hexane1 Nitrobenzene 92
Hexane1 4-Methyl-cis-4-cyclohexene-1,2-decarboxylic anhydride 92
1-Hexene 20
2,2’-Iminobisethanol 16
Methylcyclohexane E31, 32
2-Methylpentane 20-21
3-Methylpentane E21-E22, 22-26
1-Nitropropane1 2-Nitropropane1 Oils fraction of Tuimazin crude 99
10-Nonadecanone 64
Nonane 40
Nonanoic acid 40
1-Nonanol E41, 42
1-Nonanol1 Water 75-76
9,12-Octadecadienoic acid 61
Octadecanamide 63
Octadecanenitrile 62
Octadecanoic acid 62
1-Octadecanol 63
cis-9-Octadecenoic acid 61
Octanamide 34
Octane 40
Octane1 1-Octene 95
Octane1 2,2,4-Trimethylpentane 96
Octanoic acid 34
1-Octene 33
Oils 70
J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002
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Oils fraction of Tuimazin crude 70
Paraffins 71
Pentadecanoic acid 57
18-Pentatriacontanone 69
N-Phenyldecanamide 57
N-Phenyldodecanamide 60
N-Phenylhexadecanamide 65
N-Phenyloctadecanamide 67
1,2,3-Propanetriol 16
2-Propanol1 Water 73
1-Propanol1 Water 74
2-Propenamide1 Water 72
Tetradecanamide 56
Tetradecanenitrile 55
Tetradecanoic acid 55
1-Tetradecanol 56
Toluene1 Paraffins 94-95
Toluene1 Tricosane 93
Tricosane 66
12-Tricosanone 65
Tridecanoic acid 54
2,2,4-Trimethylpentane E35, 36-39
Undecanoic acid 49
Uranium bis~nitrato-O! dioxohexahydrate 72
Water E10-E11, 11-13

1-Nitropropane1

Methanol1 Water 107-108
Oils 105
Paraffins 106
Tricosane 105
Uranium bis~nitrato-O! dioxohexahydrate 107
Water E102, 103-104
2-Nitropropane1 Benzene 111
Nonane 111
Oils 112
Paraffins 113
Tricosane 112
Water E108-E109, 109-110

2-Nitrobutane1

Oils 114
Paraffins 115
Tricosane 114
Nitrobutane1 Dichlorofluoromethane 116
Trichlorofluoromethane 116

11. Registry Number Index

Page numbers preceded by E refer to evaluation text whereas those not preceded by E refer to compiled tables.

@56-81-5# C3H8O3 1,2,3-Propanetriol 16, 88-89
@57-10-3# C16H32O2 Hexadecanoic acid 58
@57-11-4# C18H36O2 Octadecanoic acid 62
@60-33-3# C18H32O2 9,12-Octadecadienoic acid 61
@67-56-1# CH4O Methanol 98-99, 107-108
@67-63-0# C3H8O 2-Propanol 73
@71-23-8# C3H8O 1-Propanol 74
@71-43-2# C6H6 Benzene 111
@75-43-4# CHCl2F Dichlorofluoromethane 116
@75-52-5# CH3NO2 Nitromethane 100-101
@75-69-4# CCl3F Trichlorofluoromethane 116
@78-79-5# C5H8 2-Methyl-1,3-butadiene 91
@79-06-1# C3H5NO 2-Propenamide 72
@79-24-3# C2H5NO2 Nitroethane 10-198
@79-46-9# C3H7NO2 2-Nitropropane 99, E108-E109, 109-11
@96-14-0# C6H14 3-Methylpentane E21-E22, 22-26
@98-95-3# C6H5NO2 Nitrobenzene 92
@107-21-1# C2H6O2 1,2-Ethanediol E14, 15, 81-84, E84, 85-87, 98-10
@107-83-5# C6H14 2-Methylpentane 20-21
J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002
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@108-03-2# C3H7NO2 1-Nitropropane 99, E102, 103-108
@108-31-6# C4H2O3 2,5-Furandione 89
@108-87-2# C7H14 Methylcyclohexane E31, 32
@108-88-3# C7H8 Toluene 93-95
@110-54-3# C6H14 Hexane E27, 28-30, 89, 91-92
@110-82-7# C6H12 Cyclohexane E17, 18-19, 90-91, 98-9
@111-42-2# C4H11NO2 2,2’-Iminobisethanol 16, 90-91
@111-65-9# C8H18 Octane 39, 95-96
@111-66-0# C8H16 1-Octene 33, 95
@111-84-2# C9H20 Nonane 40, 111
@112-05-0# C9H18O2 Nonanoic acid 40
@112-30-1# C10H22O 1-Decanol E46-E47, 47-49, 77-79, 83-8
@112-37-8# C11H22O2 Undecanoic acid 49
@112-53-8# C12H26O 1-Dodecanol E52, 53-54, 79-81, E84, 85-89, 100-1
@112-72-1# C14H30O 1-Tetradecanol 56
@112-80-1# C18H34O2 cis-9-Octadecenoic acid 61
@112-92-5# C18H38O 1-Octadecanol 63
@124-07-2# C8H16O2 Octanoic acid 34
@124-18-5# C10H22 Decane E44-E45, 45-46
@124-26-5# C18H37NO Octadecanamide 63
@142-82-5# C7H16 Heptane 33
@143-07-7# C12H24O2 Dodecanoic acid 51
@143-08-8# C9H20O 1-Nonanol E41, 42, 75-76, 81-83
@311-89-7# C12F27N Heptacosafluorotributanamine 50, 97-9
@334-48-5# C10H20O2 Decanoic acid 43
@502-73-8# C31H62O 16-Hentricontanone 69
@504-53-0# C35H70O 18-Pentatriacontanone 69
@504-57-4# C19H38O 10-Nonadecanone 64
@506-12-7# C17H34O2 Heptadecanoic acid 60
@540-09-0# C23H46O 12-Tricosanone 65
@540-84-1# C8H18 2,2,4-Trimethylpentane E35, 36-39, 96, 97-9
@542-50-7# C27H54O 14-Heptacosanone 67
@544-63-8# C14H28O2 Tetradecanoic acid 55
@592-41-6# C6H12 1-Hexene 20
@600-24-8# C4H9NO2 2-Nitrobutane 114-115
@627-05-4# C4H9NO2 Nitrobutane 116
@629-01-6# C8H17NO Octanamide 34
@629-54-9# C16H33NO Hexadecanamide 59
@629-63-0# C14H27N Tetradecanenitrile 55
@629-79-8# C16H31N Hexadecanenitrile 58
@637-54-7# C24H41NO N-Phenyloctadecanamide 67
@638-53-9# C13H26O2 Tridecanoic acid 54
@638-58-4# C14H29NO Tetradecanamide 56
@638-65-3# C18H35N Octadecanenitrile 62
@638-67-5# C23H48 Tricosane 66, 93, 105, 112, 114
@1002-84-2# C15H30O2 Pentadecanoic acid 57
@1120-16-7# C12H25NO Dodecanamide 51
@1975-78-6# C10H19N Decanenitrile 43
@2319-29-1# C10H21NO Decanamide 44
@2437-25-4# C12H23N Dodecanenitrile 50
@3425-89-6# C9H10O3 4-Methyl-cis-4-cyclohexene-1,2-decarboxylic

anhydride
92

@3430-95-3# C18H29NO N-Phenyldodecanamide 60
@6832-98-0# C22H37NO N-Phenylhexadecanamide 65
@7732-18-5# H2O Water E10-E11, 11-13, 72-81, 100-101, E102, 103-10

107- 108, E108-E109, 109-110
@13520-83-7# UO2~NO3!2•6H2O Uranium bis~nitrato-O! dioxohexa-hydrate 72, 107
@15473-32-2# C16H25NO N-Phenyldecanamide 57
@36653-82-4# C16H34O 1-Hexadecanol 59
@153736-38-0# C22H29NO N,N-Diphenyldecanamide 64
@153736-39-1# C24H33NO N,N-Diphenyldodecanamide
@141650-17-1# C28H41NO N,N-Diphenylhexadecanamide
J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002
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12. Author Index

Page numbers preceded by E refer to evaluation text whereas those not preceded by E refer to compiled tables.

Allen, Jr., B. J. E17, 18, E27, 28, E31, 32, 40, E44-E45, 46, 11
Allen, G. F. E21-E22, 23
Allegra, J. C. E21-E22, 23
Balasubramanaian, D. E21-E22, 25
Battler, J. R. E35, 39
Beridze, D. K. E27, 30
Beysens, D. E21-E22, 24, E35, 37-38
Binkerd, E. F. 43, 50, 55, 58, 62
Block, T. E. E21-E22, 24
Burstyn, H. C. E21-E22
Chrapec, J. 98-99
Clever, H. L. E17, 18, E27, 28-29, E31, 32, E35, 37, 40, E44-E45, 46, 1
Copley, M. J. 116
Das, B. K. 100-101
Derrick, M. E. E17, 18, E27, 28, E31, 32, 40, E44-E45, 46, 11
Dolecki, J. E31, 32
Dunlap, R. E35, 36, 50, 97-98
Duraiswamy, K. 72
Eckert, C. A. E27, 29, 89, 91-92
Erofeeva, L. F. E14, 15-16, E17, 18, E52, 54, E84, 86-9
Francis, A. W. E14, 15, E31, E44-E45, E46-E47, 48, E52, 53, 83-84, E84,
Garland, F. M. 64-65, 67, 69
Griffiths, R. B. 100-101
Hampe, M. J. E10-E11, 13, E102, 104, E108-E109, 11
Hankinson, R. W. E102, 103, 107-108
Harwood, H. J. E46-E47, 47, E52, 53, 56, 59, 61, 63
Hoerr, C. W. 34, 40, 43, 44, E46-E47, 47, 49-51, E52, 53- 6
Hsu, K.-Y. E27, 29, E35, 37
Hwa, S. C. P. 20-21, E27, 28, 33, E35, 36, 39, E44-E45, 45-45, 95-
Hynne, F. E21-E22, 22
Jeute, W. E46-E47, 49
Karshibaev, A. K. E27, 30
Kawate, K. E17, 19
Khosla, M. P. E21-E22, 25
Khotkovskaya, T. L. E10-E11, 12, E41, 42, E46-E47, 48, 75-7
Knobler, C. M. E21-E22, 24
Kogan, V. B. 33
Komarova, E. G. 33
Kozlov, L. M. 66, 70-71, 93-95, 99, E102, 103, 105-106, E108-E109, 109, 112-
Krupkowski, T. E31, 32
Majgler-Baranowska, H. E46-E47, 49
Malone, J. W. E10-E11, 13, 74
Marvel, C. S. 116
McIntyre, D. E21-E22, 22-23
McLure, I. A. E21-E22, 26
Minard, G. W 72
Mitra, P. E21-E22, 25
Nakata, M. E17, 19
Paduszek, B. E31, 32
Pegg, I. L. E21-E22, 26
Piotrowska, J. E27, 30, 92
Pirkle, Jr., Q. R. E17, 18, E27, 28, E31, 32, 40, E44-E45, 46, 11
Pol’shinskii, V. V. 70, 99, E102, 103, E108-E109, 109
Pool, W. O. 34, 43-44, 50-51, 55-60, 62-69
Pyzuk, W. E31, 32, E46-E47, 49
Rakhmanova, V. A. 66, 93, 105, 112, 114
Ralston, A. W. 34, 40, 43-44, E46-E47, 47, 49-51, E52, 53-60, 62-
Reeder, J. E21-E22, 24
Rowley, R. L. E35, 39
Rzoska, S. 98-99
Salamatin, L. N. 79-81
Sengers, J. V. E21-E22
Sheblom, T. V. E10-E11, 12, 73-73
Snyder, R. B. E27, 29, 89, 91-92
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Stein, A. E21-E22, 23
Stephenson, R. M. E10-E11, 13, E102, 104, E108-E109, 11
Tanaka, H. E21-E22, 26, E35, 38
Techo, R. 20-21, E27, 28, 33, E35, 36, 39, E44-E45, 45-45, 95-
Thompson, D. E102, 103, 107-108
Tolstova, T. S. E10-E11, 12, 73
Tsai, B. C. E21-E22, 23
Tufeu, R. E21-E22, 24, E35, 38
Vining, R. W. E10-E11, 11, 74
Volpert, V. I. 70-71, 94-95, 105-106, 112-115
Vreeland, J. E35, 36, 50, 97-98
Wada, Y. E21-E22, 26, E35, 38
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